Introduction
The Early Treatment Diabetic Retinopathy Study (ETDRS) demonstrated that focal (direct/ grid) laser photocoagulation reduces moderate vision loss from diabetic macular edema (DME) by 50% or more. The effectiveness of focal laser treatment may be due in part to closure of leaky microaneurysms, but the specific mechanisms by which focal photocoagulation reduces DME is not known. Histopathological studies show changes located in the retina and retinal pigment epithelium (RPE). 1, 2 Some investigators have hypothesized that with reduced retinal tissue following photocoagulation, autoregulation results in decreased retinal blood flow with lower fluid flow resulting in decreased edema. 3, 4 Others have suggested that the reduced retinal blood flow is due to improved oxygenation following photocoagulation. 4 Biochemical and physiological studies suggest that resolution of the edema may also result from changes in the biochemical processes within the retinal pigment epithelium (RPE). [5] [6] [7] [8] [9] [10] [11] The effectiveness of grid treatment alone (without focal treatment of microaneurysms) supports an indirect effect of retinal photocoagulation on macular edema. [11] [12] [13] [14] Although effective, ETDRS protocol photocoagulation may require placement of burns close to the center of the macula. Over time, laser burns may develop into areas of progressive RPE and retinal atrophy that become larger than the original laser spot size and encroach upon fixation. Photocoagulation for DME may be associated with loss of central vision, central scotomas, and decreased color vision. [15] [16] In an attempt to reduce these adverse effects, many retinal specialists now treat using burns that are lighter and less intense than originally specified in the ETDRS (modified-ETDRS technique, mETDRS). [16] [17] [18] [19] An alternative approach (mild macular grid, MMG) is the application of mild, widely spaced burns throughout the macula, avoiding the foveal region. By design, some burns could be placed in clinically normal retina if the entire retina was not abnormally thickened, including areas within the macula that are relatively distant from the area of thickening. The lighter burns applied to the macula are theoretically less likely to result in thermal injury to the overlying retina and less likely to break Bruch's membrane. The widespread application also might lead to improved oxygenation, development of healthier RPE, and overall physiologic improvement of the entire macula. This improvement might lead to both resolution of edema and prevention of edema recurrence. Burns placed in unthickened retina might help normalize the numerous cellular changes in the retina induced by diabetes by the time DME develops. Effects on retinal areas distant from the laser burn, as proposed for MMG, have been demonstrated in photocoagulation used for proliferative retinopathy where regression of neovascularization occurs distant from the laser burns.
The current study, comparing the MMG technique with the mETDRS technique in eyes with previously untreated DME, was performed to determine whether the MMG technique might provide enough added benefit over the mETDRS approach to warrant conducting a larger, longer-term trial. This study was the first initiated by the Diabetic Retinopathy Clinical Research Network (DRCR.net), which is funded by the National Eye Institute of the National Institutes of Health, U.S. Department of Health and Human Services to support a multi-center clinical trial research network dedicated to investigating diabetic retinopathy. Thus, an additional purpose of the study was to certify the network sites and standardize procedures to be used in subsequent studies.
Methods
The protocol and HIPAA-compliant informed consent forms were approved by multiple institutional review boards. Each subject gave written informed consent to participate in the study. Study oversight was provided by an independent data and safety monitoring committee. The study is listed on www.clinicaltrials.gov, under identifier NCT00071773.
Study Population
To be eligible for the study, a participant had to be at least 18 years old with type 1 or type 2 diabetes, have no history of renal failure requiring dialysis or renal transplant, and have one or both eyes meeting the following criteria: (1) best corrected electronic-ETDRS visual acuity letter score ≥ 19 (approximately 20/400 or better) 20 , (2) definite retinal thickening due to previously untreated DME (and not primarily due to vitreoretinal interface disease as determined by investigator clinical exam) within 500 microns of the macular center on clinical examination, (3) retinal thickness measured on Optical Coherence Tomography (OCT) ≥ 250 microns in the central subfield or ≥ 300 microns in at least one of the four inner subfields, and (4) no prior laser or other treatment for DME. Eyes were not eligible that had retinal thickening from epiretinal membranes or vitreomacular traction (as determined by the investigator), needed or had received panretinal scatter photocoagulation within the prior 4 months, YAG capsulotomy within the prior 2 months, or major ocular surgery including cataract extraction within the prior 6 months. A subject could have two study eyes in the trial only if both were eligible at the time of study entry.
Synopsis of Study Design
After informed consent was obtained and eligibility confirmed, the randomly-assigned laser treatment for each study eye (MMG or mETDRS) was obtained from the DRCR.net website. For participants with one study eye, randomization was stratified according to the presence/ absence of unthickened subfields on OCT (to assure balance between treatment groups), with the randomization of eyes having at least one unthickened subfield also stratified by clinical center. For participants with two study eyes, one eye was randomly assigned to receive one treatment technique and the other eye received the other treatment technique. Visual acuity testers were masked to treatment assignment. Investigators by the nature of the study were not masked.
After the initial laser treatment, follow-up visits were performed at 3.5 months (± 2 weeks), 8 months (± 4 weeks), and 12 months (± 4 weeks). Testing at each visit included measurement of best corrected electronic-ETDRS 20 acuity and OCT-measured retinal thickness by certified evaluators. Macular laser photocoagulation was repeated if DME persisted and such treatment was warranted in the opinion of the investigator according to the guidelines presented below. The primary study outcome was change in OCT measures at 12-months follow up. Change in visual acuity was evaluated as a secondary outcome.
Treatment Protocols
The two treatment techniques are detailed in Table 1 . They differ in the intensity, density and location of the laser burns. MMG burns are lighter and more diffuse in nature and are distributed throughout the macula in both areas of thickened and unthickened retina. Microaneurysms are not directly photocoagulated. In contrast, mETDRS direct/grid photocoagulation is comprised of treating only areas of thickened retina (and areas of retinal nonperfusion) and leaking microaneurysms. Although microaneurysms are directly treated, the treatment has been modified from the original ETDRS protocol to not require a treatment-induced change in microaneurysm color. The other primary modification to the original ETDRS protocol is that the laser burns are less intense (gray) and smaller (50 microns). These changes were instituted to reflect the approach currently in use in the US by most treating ophthalmologists, based on a survey of DRCR.net investigators. The treatment sessions for both techniques generally were completed in a single sitting.
At each follow-up study visit, the investigator assessed whether persistent, recurrent or new DME was present that warranted additional photocoagulation. In general, retreatment was to be administered unless the DME had resolved or there was substantial improvement in the DME in the opinion of the investigator (e.g., > 50% decrease in total macular thickened area or > 50% decrease in retinal thickening by OCT in central or inner subfields with previous retinal thickening). For the modified-ETDRS group, retreatment consisted of the same modified-ETDRS treatment technique. For the MMG group, the first retreatment used the same MMG technique limited to only the area of retinal thickening. If required, a second retreatment used the modified-ETDRS technique (which allows focal treatment of leaking microaneurysms in the area of retinal thickening).
Examination Procedures
At baseline and at each follow-up visit, visual acuity was measured by a certified evaluator using the electronic-ETDRS procedure 20 following a standardized refraction. OCT and ETDRS-protocol fundus photographs (7-fields at baseline and 12 months, and 3-field at 3.5 and 8 months) were obtained by certified personnel. Adverse events related to treatment were recorded on electronic case report forms completed at each study visit. OCTs, fundus photographs, and fluorescein angiograms were sent to the Fundus Photograph Reading Center at the University of Wisconsin-Madison for masked grading.
OCT images were obtained on each eye following pupil dilation by a certified operator using the OCT3 throughout the study in 246 subjects. Scans were 6 mm in length and included the 6 radial line pattern (fast macular scan option with OCT3) for quantitative measures and the cross hair pattern (6-12 to 9-3 o'clock) for qualitative assessment of retinal morphology. For 17 study participants, the OCT2 was initially utilized, but scans were eventually obtained using the OCT3 during the course of the study for 14 of these subjects (OCT2 was used throughout the study for 3 subjects). Scans were sent to the Reading Center where they were visually inspected. For 19% of the 323 baseline scans and 13% of the 872 follow-up scans, the automated thickness measurements were judged to be inaccurate and center point thickness was manually determined and used to impute a value for the central subfield using a regression equation (since the correlation of the two measures is 0.99).
Four principal quantitative OCT outcomes were examined: retinal thickness in the central subfield, weighted inner zone thickness, maximum retinal thickening within the inner zone, and retinal volume. Inner zone thickness was averaged across the central subfield and the four inner subfields according to retinal area to calculate a weighted inner zone thickness; the larger inner subfields were each given a weight of 8/9 disc areas and the smaller central subfield was given a weight of 4/9 disc areas. Retinal thickening was defined as the observed thickness minus the mean normal thickness in each subfield (normative data based on unpublished data provided by Carl Zeiss Meditec from a study of 260 nondiabetic eyes with a normal macula in which the following mean thicknesses were determined: central subfield = 202 ± 22 microns, inner temporal = 267 ± 17 microns, inner superior = 269 ± 16 microns, inner nasal = 267 ± 17 microns, and inner inferior = 271 ± 16 microns). Maximum retinal thickening was the largest value of thickening among the central and each of the 4 inner subfields. Retinal volume was the automated value taken directly from the OCT scan, representing a weighted average of the central, inner and outer subfields multiplied by the area of the grid, expressed in mm 3 . Retinal morphology was assessed from OCT images for cystoid abnormalities (five-level grading scale), central subretinal fluid (three-level grading scale) and vitreoretinal interface abnormalities (three-level grading scale).
The grading method for color fundus photographs was the same as the method used in the ETDRS, 21 except that areas of retinal thickening and hard exudates (in color photographs) were estimated as continuous variables (in disc area units, DA) rather than on ordinal scales.
In order to assess change in area of retinal thickening, change in the square root of the area, which represents the average diameter of the area in disc diameters (DD), was used. A change of ≥ 0.6 DD was considered substantial, e.g., from 6 DA (2.4 DD) to 3.4 DA (1.8 DD) or from 2 DA (1.4 DD) to 0.6 DA (0.8 DD). Due to the difficulty in assessing very small areas of thickening, and to avoid placing undue weight on disappearance of small areas, the square root of any area < 0.17 DA (including 0) was set to 0.4 DD.
Statistical Methods
The primary outcome was change in retinal thickening in the central subfield on OCT. Change in visual acuity was a secondary outcome. The study was designed to have a minimum sample size of 200 subjects with 50 sites each enrolling 4 subjects. With a sample size of 200 eyes and assuming no more than 10% loss to follow up and a 2-sided alpha of 0.05, the study was designed to have 90% power to detect a minimum difference between groups of 50 microns in the reduction of central retinal thickening, assuming that the common standard deviation for the change from baseline was 100 microns. With the actual sample size of 213 eyes that had baseline central subfield thickness ≥ 250 microns and 12-month follow up, and using the observed common standard deviation of 96 microns as a better approximation of the population value than the 100 microns used in the prestudy power calculation, statistical power was 90% to detect a difference in change in OCT central subfield thickening between groups of 43 microns and 80% to detect a difference of 37 microns. For the visual acuity analysis that included 284 eyes with baseline and 12-month data, power was 90% to detect a difference in visual acuity between groups of 4.3 letters and 80% to detect a difference of 3.7 letters.
Continuous OCT and visual acuity outcome measures were assessed using repeated measures least squares regression models adjusted for baseline values and accounting for the correlated data from subjects with two study eyes. Adjusted mean differences and confidence intervals were determined from these models. Similarly, repeated measures generalized estimating equations (GEE) models adjusting for baseline values were used for binary outcomes. When outliers were truncated at ± 3 standard deviations from the mean, there was little effect on the results (data not shown). Analyses using the last observation carried forward (LOCF) imputation method gave similar results (data not shown). Eyes were deemed to be within the normal range if central and inner subfield values were all within 2 standard deviations of the mean values obtained from normal eyes. Analyses were also conducted on the subset of subjects with two symmetrically-involved study eyes, defined as having an inter-eye difference of less than 100 microns in central retinal thickening and less than 15 letters in visual acuity.
Results
Between July 2003 and October 2004, 263 subjects (mean age 59±11 years; 40% women) were enrolled at 79 sites in 30 states. There were 323 study eyes with DME that were randomly assigned to either mETDRS treatment (N=162) or to MMG treatment (N=161). Mean visual acuity in study eyes was 20/32 (74±13 letters) and mean OCT central subfield retinal thickness was 340±123 microns. Nineteen percent of eyes had a central subfield thickness < 250 microns but were eligible based on having at least one of the four inner subfields with thickness ≥ 300 microns. The baseline characteristics of the two groups were similar ( Table 2) . Figure 1 outlines the 12-month follow up for all eyes, which was completed for 142 (88%) of the 162 eyes in the mETDRS group and 143 (89%) of the 161 eyes in the MMG group. There were 4 participants who died during the study, representing 3 study eyes in the mETDRS group and 4 in the MMG group. Twenty-two participants were lost to follow up or withdrew, representing 17 and 13 study eyes from the mETDRS and MMG groups, respectively. The mean change in HbA1c between baseline and 12 months was similar in each group (−0.1% in the mETDRS group and −0.2% in the MMG group).
Follow Up

Laser and Other Treatments Received for DME
All eyes received the randomization-assigned treatment regimen at baseline, except for two eyes of two subjects both of whom had two study eyes and did not return for treatment of the second eye (neither subject had any follow up).
The proportion of eyes that were retreated during the 12 months of follow up was similar in the two groups (P=0.35): in the mETDRS and MMG groups, respectively, 59 (42%) and 47 (33%) had no additional laser treatment, 47 (33%) and 58 (41%) were retreated once, and 36 (25%) and 38 (27%) were retreated twice.
Prior to the 12-month visit, DME therapy other than laser was received in 2 eyes assigned to mETDRS (vitrectomy in one and peribulbar triamcinolone acetonide in the other).
Effect of Treatment on Retinal Thickening
Central subfield thickening, weighted inner zone thickening, maximum retinal thickening and retinal volume all decreased over the 12-month period in both treatment groups (P<0.002 for each measure in both groups comparing baseline and 12 months). The reduction in retinal thickening was slightly more evident in the mETDRS group than in the MMG group (Table  3 ). There also was a trend for resolution of DME by each of these measures that was slightly more frequent in the mETDRS group (Figure 2) . From baseline to 12 months, among eyes with baseline central subfield thickness ≥ 250 microns, central subfield thickening decreased by an average of 88 microns in the mETDRS group and decreased by 49 microns in the MMG group (adjusted mean difference: 33 microns, 95% confidence interval 5 to 61 microns, P=0.02).
Weighted inner zone thickening decreased by 42 and 28 microns respectively (adjusted mean difference: 14 microns, 95% confidence interval 1 to 27 microns, P=0.04), maximum retinal thickening decreased by an average of 66 microns in the mETDRS group and 39 microns in the MMG group (adjusted mean difference: 27 microns, 95% confidence interval 6 to 47 microns, P=0.01), and retinal volume decreased by 0.8 and 0.4 mm 3 , respectively (adjusted mean difference: 0.3 mm 3 , 95% confidence interval 0.02 to 0.53 mm 3 , P=0.03). Among eyes with central and all four inner subfield thickness measurements at 12 months, the central subfield and all four inner subfields were all within the normal range in 29 (23%) of eyes in the mETDRS group and 21 (17%) in the MMG group (P=0.67). The treatment group differences were larger with greater retinal thickening at baseline (Table 4) .
On fundus photographs, at 12 months, the average diameter of the area of DME had decreased by 0.2 DD in the mETDRS group and by 0.08 DD in the MMG group (P=0.07). DME had decreased by = 0.6 DD in 41 (31%) and 28 (22%) of eyes in the mETDRS and MMG groups, respectively (P=0.03), and had increased by this amount in 22 (17%) and 26 (20%), respectively (P=0.26).
Effect of Treatment on Visual Acuity
At 12 months, the mean change in visual acuity was 0 letters in the mETDRS group and 2 letters worse in the MMG group (adjusted mean difference: 2 letters, 95% confidence interval −0.5 to 5 letters, P=0.10, Table 5 ). Ten (7%) and 7 (5%) of eyes were improved by 15 or more letters from baseline in the two groups, respectively (P=0.24), and 10 (7%) and 14 (10%) were worse by 15 or more letters (P=0.37).
Results for Subjects with Two Study Eyes
In an analysis of the 34 subjects with two study eyes and relatively symmetrical DME at baseline, defined as having an inter-eye difference of less than 100 microns in central retinal thickening and less than 15 letters in visual acuity, there were no significant differences between mETDRS and MMG groups in the mean change in central retinal thickening (P=0.91) or in the change in visual acuity (P=0.13) from baseline to 12 months.
Adverse Effects
The only major treatment-related adverse event reported was a neurosensory detachment following the initial laser treatment in the MMG group, which resolved after 1 month. In this case, baseline visual acuity was 20/25 (80 letters) and 12-month acuity was 20/50 (67 letters). Review of the post-treatment photographs did not suggest that the photocoagulation treatment was heavier than the photographic standard for this treatment.
Discussion
At present, despite the enthusiasm for evaluation of several novel treatments for DME including intravitreal therapies for DME (e.g., corticosteroids, and anti-VEGF drugs), laser photocoagulation remains the current standard of care and the only treatment with proven efficacy in a large-scale clinical trial for this condition. This DRCRnet trial was designed to compare two laser techniques for previously untreated DME. One technique was the most commonly used approach in current clinical practice among DRCRnet investigators, a modification of the original technique used in the ETDRS (mETDRS). The other approach has theoretical advantages in which laser is given in a grid without specifically treating microaneurysms (MMG). After 12 months of follow up, there was no indication that the eyes treated with MMG had a better outcome than those receiving mETDRS treatment, and in fact eyes in the mETDRS group experienced a slightly greater reduction in retinal thickening and a trend towards a slightly better visual acuity outcome. Although a decrease in retinal thickening was observed with both treatments, this trial did not include an untreated control group, thus preventing determination of how the observed changes in retinal thickening would have differed from the natural history of untreated DME. Unexpected adverse effects of treatment were minimal.
The primary outcome measure of the study was change in retinal thickening as a surrogate for longer-term change in visual acuity. In phase 2 studies, surrogate outcome measures are often used to determine whether there is sufficient evidence of treatment effect to proceed to a longerterm, more costly phase 3 study with visual acuity as the primary outcome. The trial had a sample size that was sufficiently large so that it is unlikely that a true benefit of MMG over the mETDRS approach in reducing retinal thickening after 12 months went undetected. Furthermore, since the results slightly favored the mETDRS approach, it is even more unlikely that a true meaningful beneficial effect on retinal thickening of MMG over the mETDRS treatment after 12 months was missed. While the correlation between retinal thickening and visual acuity is only moderate, 23 the study had greater than 90% statistical power to detect at least a one line difference in mean acuity between groups. Thus, it is unlikely that a meaningful beneficial effect of MMG treatment on visual acuity after 12-months was missed. The treatment groups were generally well balanced with regard to baseline factors. Retinal thickening was slightly greater in the MMG group but this was controlled for in the analyses and did not confound the results. Bias is unlikely to have prevented detection of a true benefit of MMG, because both OCT and fundus photographs were used to document macular edema and both measures were graded at a reading center masked to treatment group. Visual acuity was measured using a computerized system that reduces technician bias. The large number of investigators could have increased the variation in treatment technique compared with a smaller number of surgeons but this is not a likely explanation for the lack of difference between groups. It also seems unlikely that a relative benefit of MMG compared with mETDRS would have been seen with longer follow up since there was no suggestion of benefit after 12 months.
In conclusion, despite potential theoretical advantages, after 12 months of follow up the MMG laser technique is less effective in reducing OCT measure retinal thickening than the mETDRS technique frequently used in current clinical practice. However, the visual acuity outcomes with both approaches are not substantially different. Thus, this study does not provide data to suggest that a larger long-term trial of the MMG technique is likely to show substantial clinical benefit over the current mETDRS approach.
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